In the St. Lawrence Lowland of southern Quebec, an early Wisconsinan glacial advance deposited the Levrard Till. This glacial event, known as the Nicolet Stade, is tentatively correlated with marine oxygen-isotope stage 4. Radiocarbon and thermoluminescence ages bracket the Nicolet Stade between 90 and 70 ka. This advance was preceded and followed by periods of free drainage during which were deposited the Lotbiniere Sand and St. Pierre Sediments, two nonglacial units dated at or beyond the limit of the radiocarbon method. Available evidence suggests that the Deschaillons Varves were deposited ca. 80 ka in a large glacial lake that was impounded in front of the Laurentide Ice Sheet as it advanced up the St. Lawrence Valley.
INTRODUCTION
In southern Quebec, as in many other glaciated regions of North America, the timing and paleoclimatic significance of geologic events that occurred during the early phases of the last glaciation are inferred from (1) rarely preserved organic-bearing sediments and their paleoecological record (e.g., St. Pierre Sediments); (2) regional lithological and sedimentological analysis of till (e.g., the Chaudiere Till) and related glacial sediments; and (3) the results of not yet fully reliable geochronological methods, such as thermoluminescence (TL) and uranium-thorium (U-Th) dating. In spite of some chronological and stratigraphical uncertainties, the complex sequence of events that characterized the beginning of the last glaciation are of interest not only to Pleistocene stratigraphers, but also to other scientists interested in paleoclimatic reconstructions and modeling.
In this chapter we describe briefly the stratigraphie units that record Sangamonian and early Wisconsinan events in southern Quebec (Lamothe, 1987) and discuss their regional significance. The chronostratigraphic term "Sangamonian" is herein utilized according to the definition proposed by Fulton (1984) , and it thus refers to the time interval between 130 and 80 ka. This chapter also introduces a tentative paleogeographic framework that depicts the configuration of water bodies, glacial margins, and iceflow lines that may have prevailed at that time in this part of North America.
PHYSIOGRAPHY AND BEDROCK GEOLOGY
Southern Quebec can be divided into three main physiographic regions (Bostock, 1970;  Fig. 1 ). The Laurentian Highlands occupy the northwestern part of the area and are underlain by Precambrian crystalline metamorphic (e.g., paragneiss) and intrusive (e.g., anorthosite and granite) rocks. This shield terrain is in fault contact with relatively undisturbed Cambrian to Ordovician shelf rocks of the Central St. Lawrence Lowland. The complexly folded Paleozoic strata and intrusive complexes of the Appalachian Mountains extend across the southeastern part of the area. The Appalachians are subdivided into the Eastern Quebec Uplands, the Sutton and Notre-Dame mountains, and, along the international border, the Megantic Hills. This area is underlain by metasedimentary and metavolcanic rocks of the northeast-southwest-trending Appalachian orogen.
Bedrock lithology and structure together with preglacial landscape partly controlled ice-flow patterns and the development of ice-marginal water bodies during the Pleistocene. The St. Lawrence Lowland was inundated periodically by large bodies of water. These episodes of either marine or glaciolacustrine inundation reflect a delicate balance between ice-front fluctuations across the St. Lawrence Valley in the vicinity of Quebec City, regional glacio-isostatic subsidence or uplift, and global sea-level changes. The resulting Pleistocene depositional record of the St. Lawrence Lowland is dominated by waterlaid units.
Glacial ice in the St. Lawrence Lowland also caused periodic impounding of drainage in northward-flowing tributaries within the Appalachian region, forming glacial lakes. Although areally the most widespread Pleistocene sediment in this area is till, significant volumes of glaciolacustrine sediments separate till sheets below 430 m (above sea level) in major valleys. The lithological and geochemical composition of till provide significant limitations on the interpretation of the Appalachian regional lithostratigraphic record (Shilts, 1973 (Shilts, , 1981 Parent, 1987b on February 28, 2015 specialpapers.gsapubs.org Downloaded from transport. These methods have been applied successfully for several years in the Appalachian region, where any occurrence of shield-type erratics, such as Precambrian gneiss, is used as evidence for deposition from a Laurentide ice mass or for its nearby presence (McDonald, 1967) . Distinctive local indicators are provided by ultramafic and mafic rocks of the ophiolite complex which extends over 200 km along the Appalachian fold belt, from the international border to the Chaudiere River, and slightly beyond. Areas adjacent to the ophiolite belt have been the subject of extensive glacial-transport modeling, particularly for mineral exploration purposes (Shilts, 1973) , and the dispersal of ultramafic debris in the surface till defines Wisconsinan ice-flow patterns. Ice overriding intrusive Devonian granitic rocks, which occur as isolated stocks in the southeastern part of the Quebec Appalachians, produced prominent southeastward-trending dispersal trains as well as numerous erratics displaced southwestward and westward of their source during earlier glacial advances.
SANGAMONIAN AND EARLY WISCONSINAN RECORD OF SOUTHERN QUEBEC

St. Lawrence Lowland
For three decades, the Pleistocene stratigraphic framework of the Central St. Lawrence Lowland revolved around the St. Pierre Sediments (Gadd, 1955 (Gadd, ,1971 Occhietti, 1982) , a nonglacial fluvial and lacustrine lithostratigraphic unit that contains peat layers and organic-rich sand characterized by boreal-type pollen assemblages (Terasmae, 1958) . The St. Pierre beds were thought to have been deposited during a single nonglacial event postdating and predating Laurentide ice advances that deposited the Becancour and Gentilly tills (Gadd, 1971; Occhietti, 1982) . The two ice advances were thought to be Wisconsinan, mainly because of the absence of warm-climate indicators in the organic beds (Terasmae, 1958) .
Recent investigations by Lamothe (1989) provided evidence that the St. Pierre organic-bearing sediments, which had long been assigned to a single nonglacial event, instead represent two distinct nonglacial sequences. These two units, formally defined by Lamothe (1989) as the Lotbiniere Sand and the St. Pierre Sediments, are separated by the Levrard Till, a unit deposited during a glacial advance that had not been recognized during previous investigations. Thus, the Pleistocene depositional sequence of the lowland (Figs. 2 and 3 ) is now thought to record three glacial advances (St. Lawrence, Nicolet, and Trois-Rivieres stades) separated by two nonglacial events (Grondines and Les Becquets interstades), each represented by organic-bearing units (the Lotbiniere Sand and the St. Pierre Sediments; Lamothe, 1989) .
Until 1984, the geochronology of pre-Champlain Sea sediments in the St. Lawrence Lowland was based solely on radiocarbon dating of wood and peat fragments found in the St. Pierre Sediments. Several ages were obtained from these beds, but only three were reported as finite, and they are at the limit of the method. Wood fragments collected from the St. Pierre Sediments at the type section were dated by De Vries at 65,300 ± 1400 yr B.P. (GrN-1799; Vogel and Waterbolk, 1972) . Ages of 66,500 ± 1600 yr B.P. (GrN-1711; Vogel and Waterbolk, 1972) and 74,700^2000 ± 2700 F B p (QL-198; Stuiver and others, 1978) were also measured on wood obtained from a St. Pierre correlative at Pierreville (Fig. 1) . The oldest age was obtained through thermal diffusion isotopic enrichment. These dates are not considered as geologically different because of the poor reliability of 14 C dating in this time range.
Several calcareous concretions of the Deschaillons Varves have been dated ca. 35 ka by conventional radiocarbon dating (Hillaire-Marcel and Page, 1981; Lamothe and others, 1983; Lamothe, 1985) . Lamothe (1985) suggested that this minute radiocarbon activity is the result of complex carbonate diagenesis. These ages are therefore considered unreliable for the dating of this glaciolacustrine unit and are not used in this chapter as chronostratigraphic tools. Hillaire-Marcel and Causse (1989) have published U-Th ages obtained on concretions of the Deschaillons Varves. These ages suggest that the concretions were first precipitated ca. 80 ka. These results support an age assignment of 90-70 ka for Lake Deschaillons, as earlier proposed by Lamothe (1985 Lamothe ( , 1989 on the basis of TL dating (see below). Lamothe (1985) and Lamothe and Huntley (1988) reported a series of TL ages that were obtained on the waterlaid units of the stratigraphic sequence. Apparent TL ages were obtained on the fine-grained fraction (4-11 ¿im) using a partial bleach technique in which the TL from light-sensitive traps was separated from total TL (Wintle and Huntley, 1980) . Ages ranging from >60 ka to 86.3 ± 17 ka were measured on samples of the Deschaillons Varves and their correlatives, all collected in the St. Pierre les Becquets and Pierreville areas. An apparent TL age of 135 ka that had been obtained on a sample of the Pierreville Varves (Nicolet Stade) is considered invalid, based on a discussion presented in Lamothe and Huntley (1988) . Finite TL ages of 61.2 ± 11 and 61.1 ± 9.2 ka were also calculated for the St. Pierre Sediments exposed at Pierreville (Lamothe, 1984) . These apparent TL ages compare favorably with the 14 C ages obtained on pieces of wood from the same site, considering the large uncertainties associated with both methods. A TL age of 27.7 ± 4.3 ka was also obtained on a sample collected at the top of the St. Pierre Sediments at the type section, but this young TL age is thought to be the result of sedimentary recycling and does not reflect the true age of the sediment.
Correlation of Pleistocene events in the St. Lawrence Lowland with the deep-sea oxygen-isotope record (Shackleton, 1969; Shackleton and Opdyke, 1973 ) is based on available numerical ages and on the following paleogeographic assumption ( Fig. 3) : any significant buildup of glacier ice on the continent will probably affect normal drainage by blocking the lower St. Lawrence Valley, hence causing large ice-dammed lacustrine basins to form in the central part of the lowland (Gadd, 1971) .
Although no "warm" interglacial sediments have yet been
GEOLOGIC CROSS-SECTION
St-Pierre-les-Becquets area reported in the central part of the lowland, the St. Lawrence Stade (the Becancour Till and associated rhythmites) is thought to be Illinoian, particularly in light of the recent discovery of true interglacial sediments at Pointe-Fortune, 80 km west of Montreal ( Fig. 1 ; Anderson and others, 1990) . Till underlying the interglacial sediments at this site (the Rigaud Till of Anderson and others, 1990) has been correlated with the Becancour Till of the central part of the St. Lawrence Lowland by Veillette and Nixon (1984) . The St. Lawrence Stade is most likely pre-Sangamonian, and it is tentatively correlated with isotopic stage 6 of Shackleton and Opdyke (1973) . The Grondines and Les Becquets interstades represent periods of free drainage during which nonglacial organic-bearing sediments were deposited. In view of the conformable relation between the Lotbiniere Sand and the Deschaillons Varves (see below), the age of the lower interstadial unit is probably ca. 90-80 ka (Lamothe, 1989) . The Grondines Interstade is thus correlated with the latest part of marine isotope stage 5 (substage 5a of Shackleton, 1969) .
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The Lotbiniere Sand is conformably overlain by rhythmites of the Deschaillons Varves (= Cap Levrard Varves; Fig. 3 ), indicating that free drainage in the St. Lawrence Valley was blocked by an advancing glacier. This glacial event, the Nicolet Stade, is the earliest Wisconsinan stade in the eastern Great Lakes-St. Lawrence region (Dreimanis and Karrow, 1972) . Geochronological data (TL and U-Th) and varve counting (Hillaire-Marcel and Page, 1981; Lamothe, 1985) suggest that by 80 ka, a large glacial lake (Lake Deschaillons of Karrow, 1957) was impounded in front of the ice margin, and that this lake may have lasted as much as 2500 years. Fine-grained bottom sediments of this glacial lake were overridden by ice that ultimately deposited the Levrard Till. This glacial advance may have occurred between 90 and 70 ka, because the nonglacial St. Pierre Sediments overlying the Levrard Till are dated at or beyond the limit of the radiocarbon method, and because the TL ages are ca. 60-65 ka (Lamothe, 1984) .
On the basis of 14 C and TL ages of the St. Pierre Sediments, the apparent TL ages obtained on the Deschaillons Varves, and other correlatives, and uranium-thorium dating on calcareous concretions of the Deschaillons Varves (ca. 80 ka; Hillaire-Marcel and Causse, 1989) , the Lotbiniere Sand, Deschaillons Varves, Levrard Till, and St. Pierre Sediments are collectively and tenta-tively correlated with the latest part of marine oxygen-isotope stage 5 (5a), stage 4, and the earliest part of stage 3 of Shackleton (1969) and Shackleton and Opdyke (1973) .
Pre-Gentilly glaciomarine sediments were recently discovered by Ferland and Occhietti (1990) at Ste. Anne de la Perade (Fig. 1) , demonstrating that marine conditions prevailed in the St. Lawrence Lowland some time prior to Les Becquets Interstade (Fig. 3) . A 14 C age of >35,590 yr B.P. (AMS; BETA-28404) was obtained on Nucula sp. shells from the marine unit. Ferland and Occhietti (1990) believe that this unit, formally defined by them as "Argile de la Perade," is a correlative of the St. Pierre Sediments. This correlation is based on the presence of marine Demosponge spicules in a unit overlain by the St. Pierre Sediments at the type section. However, the possibility that these spicules may have been reworked from some older unit cannot be ruled out at the moment, because other marine fossils typical of the "Argile de la Perade" are absent at this site. This marine unit is not included in the lithostratigraphic sequence of the St. Lawrence Lowland in Figure 3 of this chapter, because its correct stratigraphic position was not established at the time of writing.
The upper part of the lithostratigraphic sequence (the Gray Varves, Gentilly Till, and Champlain Sea Sediments) is thought to be middle to late Wisconsinan in age.
Appalachians of southern Quebec
The regional stratigraphic framework records three advances of the Laurentide Ice Sheet across the southeastern Quebec Appalachians and into northern New England (McDonald, 1967; McDonald and Shilts, 1971; Shilts, 1970) . These glacial episodes are represented, from oldest to youngest, by the Johnville, Chaudiere, and Lennoxville tills (Fig. 4) .
Fabric measurements and the occurrence of Precambrian erratics in the Johnville Till demonstrate that this till is a product of Laurentide ice. Following deposition of the Johnville Till, free drainage conditions toward the St. Lawrence River were established in the region. This event is recorded by the nonglacial fluvial sediment facies of the Massawippi Formation. The fluvial episode was followed by the formation of lakes, probably arms of larger lakes dammed by ice entering the St. Lawrence Lowland. Pollen spectra from the lake sediments indicate the presence of a boreal forest in the region during the later time of deposition of the Massawippi Formation (McDonald and Shilts, 1971 ). Radiocarbon ages obtained from disseminated organic debris concentrated from lacustrine sediments of the Massawippi Formation are beyond the limit of the method: (1) >54,000 yr B.P. (Y-1683; McDonald, 1967) at the Ascot River type section; (2) >40,000 yr B.P. (GSC-1084; Shilts, 1981) at the Riviere Grande Coulee section; and (3) >53,000 yr B.P. (GSC-4728 HP) at the Riviere des Plante.
The most complete facies record of the Massawippi Formation yet known from the Appalachians is exposed at several sections along the Riviere des Plante ( Figs. 1 and 4 ; Shilts and Blais, 1989 ). In 1988 , the Massawippi sequence was best exposed and least disturbed in section B of Shilts and Smith (1987) . There, compressed peat and organic silt rest in fluvial channels and within flood-plain sediments of the ancestral Riviere des Plante, which had cut down through the Johnville Till and into the underlying glacially deformed sediments. Macrofossils isolated from the peat collected in 1988 were examined by Lynn Ovenden, who reported that "the lack of diversity and the interwoven, highly organic nature of the peat indicates [that it is] an in situ peat deposit." This peat is significant in that it is the first in situ peat deposit found in the Appalachian Uplands. During preliminary examination of macrofossils from samples collected in 1989, seeds of plants currently growing in or south of the vicinity of the Riviere des Plante were found (J. V. Matthews, Jr., 1989, personal commun.) . This suggests that the lower part of the Massawippi Formation may have been deposited when local climate was at least as warm as today. Examination of sparse, disseminated organic detritus from an overlying stony diamicton led Matthews and others (1987) to state that during that time, this part of Quebec was covered by a spruce forest that contained some larch and a species of Alnus typical of northern boreal forests. Organic remains in the glaciolacustrine facies that overlies the peat-bearing colluvium contain evidence of arctic flora and fauna (Matthews and others, 1987) . Although much further paleoecological work remains to be done, these observations suggest that the Massawippi Formation may be truly interglacial, and that the tundra and boreal fauna and flora usually associated with the Massawippi interval reflect conditions that prevailed just prior to the onset of the Chaudiere glaciation.
The Chaudiere glaciation is recognized as a complex event. During its early phase, referred to as the "Maritime Ice Cap" phase by Shilts (1981) , local ice advanced from the east or northeast and deposited a lower till member. In many exposures of the Chaudiere Till, this lower member is overlain by an upper member that records displacement of this "local" ice by Laurentide ice (McDonald and Shilts, 1971) or a complex history of shifting ice-flow directions within an Appalachian-based ice cap (Parent, 1987a (Parent, , 1987b . Directional and compositional data collected from the Chaudiere Till at the Riviere des Plante and Ascot River sections, as well as observations made at surface localities (presented below), are taken as evidence that, at the onset of the Chaudiere glacial phase, an independent ice cap developed in the northeastern Appalachians, in Maine and/or New Brunswick.
The Riviere des Plante sections are fortuitously located along the southeast edge of a northeast-striking ophiolite complex. Tills deposited from glaciers flowing from the northwest, such as the Johnville Till, contain strong geochemical and mineralogical "fingerprints" (principally Ni, Cr, Co, magnetite, and chromite) derived from the ultramafic rocks of the complex. For example, the clay fraction (<2 /um) of the Johnville Till commonly contains more than 1000 ppm Ni, and 40% of the clasts consist of ultramafic rocks. By comparison, tills deposited by glaciers flowing from the east or northeast are depleted in these components, except where they include material reworked from the underlying units. At the Riviere des Plante, the Chaudiere Till is impover- on February 28, 2015 specialpapers.gsapubs.org Downloaded from ished in ultramafic clasts compared to the underlying Johnville Till and the overlying Lennoxville Till. It is equally impoverished in trace elements typical of ultramafic rocks, its <2 /im fraction having typically less than 100 ppm Ni (Shilts and Blais, 1989) . Ice must have been flowing at any azimuth more easterly than the 040°-050° strike of the ophiolite belt, i.e., 060°-090°, to have produced drift with no ultramafic components (other than material reworked from earlier Johnville-Massawippi deposits). In a nearby section (section D of Shilts and Smith, 1987) , the Chaudiere Till is intercalated with the Johnville Till and deformed Massawippi sediments in a series of thrust plates. The attitude of the thrusted beds suggests that the stacking was produced by basal drag or by freezing on and subsequent upshearing of subglacial deposits at a time when the Chaudiere glacier (Laurentide phase) was flowing from 005°, a direction represented by several fabrics measured in the Chaudiere Till at section B (Fig. 4) .
In the Saint-Francois River watershed, directional and compositional data recorded by McDonald (1967) and Parent (1987a Parent ( , 1987b suggest that the Chaudiere Till records a regional episode of southwestward to westward ice flow. At the Ascot River (Fig. 5 ), field observations of clast lithology have revealed that distinctive granodiorite and granite clasts, presumably derived from Devonian stocks located northeast of the Ascot River section (Fig. 6 ) occur in low abundance throughout the Chaudiere Till, but are absent in the Lennoxville Till (McDonald, 1967; Parent, 1987a Parent, , 1987b . The Chaudiere Till contains very rare Precambrian clasts, and the few ultramafic clasts (two) that were found near the top of the unit may well be derived from small ultramafic bodies located east of Weedon (Fig. 6) , hence northeast of the section. By comparison, the Lennoxville Till consistently contains ultramafic and Precambrian clasts, though in low abundance (1%). Striations measured on the top surface of boulders occurring in the basal bouldery zone of the Chaudiere Till, clast fabrics and subtill thrust faulting also indicate that ice that deposited the lower member of the Chaudiere Till was flowing westward to southwestward (Parent, 1987a (Parent, , 1987b .
Evidence for southwestward ice flow some time prior to the subsequent (Lennoxville) ice advance comes also from the presence, at the surface, of Devonian granite erratics displaced southwest of their known outcrop (McDonald, 1967; McDonald and Shilts, 1971 Figure 5 . Stratigraphie logs, till clast fabrics, and glaciotectonic deformations, Ascot River sections (modified from Parent, 1987a Parent, , 1987b . Shilts (1973) and Parent (1987b) . Additional localities north and northwest of the Stoke Mountains were found by Parent (1987b) . These along with localities previously reported by McDonald (1967) are plotted in Figure 6 . Also shown is the area of occurrence of erratics of pillow-lava that were presumably transported southwest of their known sources (Elson, 1987) . The areal distribution of these occurrences discloses a fairly distinct, although residual, dispersal pattern extending southwestward from the Devonian granitic stocks. This provides further evidence of southwestward glacial transport over distances exceeding 40 km during the Chaudiere episode. These residual trains also indicate that the subsequent advance of Laurentide ice that deposited the Lennoxville till failed to fully reentrain glacial debris that had been transported westward during the Chaudiere glaciation. The above observations thus provide strong support for a westward to southwestward sequence of shifting ice flows during at least part of the Chaudiere glacial phase. The end of the Chaudiere glaciation was marked by a shortlived retreat of Appalachian and Laurentide ice to the Appalachian front. Glacier ice in the St. Lawrence Valley impounded on February 28, 2015 specialpapers.gsapubs.org Downloaded from glaciolacustrine waters in the northward-flowing Chaudière and St. Francois valleys, resulting in deposition of locally thick glaciolacustrine and deltaic sediments of the Gayhurst Formation. Only a rather unsatisfactory radiocarbon age of >20,000 yr B.P. (GSC-1137; McDonald and Shilts, 1971 ) has been obtained thus far from disseminated organic debris in the generaly unfossiliferous sediments of the Gayhurst Formation, which is thought to be Middle Wisconsinan in age. The last major glacial advance resulted in the deposition of the Lennoxville Till, the surface till of the region.
DISCUSSION
The Pleistocene lithostratigraphic frameworks of both the St. Lawrence Lowland and the Appalachians of southern Quebec comprise three tills. In the lowlands, fluvial sediment facies (the Lotbiniere Sand and St. Pierre Sediments) represent unimpeded drainage in the St. Lawrence Valley and separate three till units. In the Appalachians, only sediment of the Massawippi Formation was deposited under normal drainage conditions. The Gayhurst Formation, represented by clay-rich laminated sediments more than 100 m thick in places, records a short-lived glaciolacustrine event during which ice must have been standing in the St. Lawrence Lowland in order to dam high-level glacial Lake Gayhurst. Problems in correlating the stratigraphie sequences of the two areas were discussed by McDonald (1971) , Gadd and others ( 1972) , Gadd ( 1976), and LaSalle ( 1984) .
The Becancour and Johnville tills have long been correlated on the basis of similar stratigraphie position, and recently collected data provide further support for this correlation. It now seems likely that the Johnville and Becancour tills are remnants of more extensive Illinoian till sheets, particularly because interglacial sediments overlie till at Pointe Fortune, 80 km west of Montreal ( Fig. 1 ; Anderson and others, 1990) . These glacial sediments were probably deposited some time during stage 6 of the oxygen-isotope chronology (Shackleton and Opdyke, 1973) .
The St. Pierre Sediments were correlated with the Massawippi Formation on the basis of their lithofacies and their similar fossil fauna and floral contents (McDonald and Shilts, 1971; Gadd and others, 1972; Gadd, 1976; Shilts, 1981; . Evidence presented by Lamothe (1989) that organic sediments formerly assigned to the "St. Pierre Interval" actually represent two distinct nonglacial units, the Lotbiniere Sand and St. Pierre Sediments, together with the possibility that the Massawippi Formation may be partly interglacial, calls for a réévalua-tion of the St. Pierre-Massawippi correlation. Two of several possible correlation schemes are discussed below. They are illustrated in Figure 7 as hypotheses A and B.
Hypothesis A
On the basis of 14 C and TL ages, and in the absence of warm climate indicators in the central part of the lowland, it can be assumed the Lotbiniere Sand and St. Pierre Sediments were deposited during isotope stage 5a and stage 3, respectively (Fig. 3) . Because part of the Massawippi Formation may represent the end of the last interglacial, correlation between the cool facies of the Massawippi Formation and the Lotbiniere Sand is possible. The Lotbiniere Sand is overlain by sediments of the Nicolet Stade (the Deschaillons Varves and Levrard Till). In the Appalachians, the Massawippi Formation is overlain by the Chaudiere Till, a glacial unit deposited in part from local ("Appalachian") ice masses that displaced distinctive erratics over a distance of at least 40 km toward southwest. In this hypothesis, the Levrard and Chaudiere tills are correlated (Fig. 7) .
Available geochronological data for sediments underlying (Deschaillons Varves) and overlying (St. Pierre Sediments) the Levrard Till, the volume of continental ice required to explain the presence of glacier ice in the Central St. Lawrence Lowland, and assignment of part of the Massawippi Formation to the last interglacial, indicate that the Levrard Till was deposited during marine oxygen-isotope stage 4. The glacial advance of the Nicolet Stade and the early Wisconsinan growth of Appalachian ice along the continental margin of northeastern North America are in accord with open sea-surface conditions in the North Atlantic, stormtrack patterns, and continental ice volumes estimated at 75% of the stage 2 glacial maximum at the 5/4 boundary (Ruddiman and others, 1980) . This large increase of global ice volume recorded at the stages 5/4 transition in the deep-sea oxygen-isotope stratigraphy from the North Atlantic (Ruddiman and others, 1980) further supports the hypothesis that sediments of the Nicolet Stade were deposited during stage 4 rather than during an earlier substage of isotope stage 5. In this correlation scheme, the beginning of the last glaciation in early Wisconsinan time is characterized by the coalescence of Appalachian-based ice flowing toward southwest and Laurentide ice channelled up the St. Lawrence River while damming a proglacial lake in the lowland (Fig. 8) .
This paleogeographic reconstruction implies that there was complete deglaciation of the Appalachians some time between the deposition of the Chaudiere Till and the glacial advance that deposited the Gayhurst Formation and the Lennoxville Till. However, there is as yet little evidence to suggest such a significant deglaciation has occurred between the onset of the Chaudiere phase and the end of the Lennoxville phase (Shilts, 1981) . There is no apparent break in deposition (i.e., no oxidation of Gayhurst or Chaudiere sediments, no fluvial sediments, no organic sediments) or any other evidence that the Chaudiere or St. Francois valleys were open to the St. Lawrence from the onset of the Wisconsinan until late glacial time. Therefore, another scheme of correlation is presented as an alternative to hypothesis A.
Hypothesis B
In hypothesis B (Fig. 7) , the Chaudiere-Gayhurst-Lennoxville sequence is correlated with the Gentilly Till, and the LotbiniereDeschaillons-Levrard-St. may therefore represent the transition from the Sangamonian (i.e., stage 5 of Shackleton and Opdyke, 1973) to the beginning of the early Wisconsinan (stage 4 of Shackleton and Opdyke, 1973) . The glacial advance during which the Deschaillons Varves and the Levrard Till were deposited in the Central St. Lawrence Lowland would then be recorded in the Appalachians by the arctic floral and faunal remains that were discovered by Matthews and others (1987) in the upper part of the Massawippi Formation. In this hypothesis, the Nicolet Stade is correlated with marine isotope stages 5b and 5c of Shackleton (1969) . According to this correlation, the 14 C, U-Th, and TL ages would be too young. Indeed, underestimation of TL ages has been documented by Debenham (1985) for >50 ka sediments of northwestern Europe. This TL misbehavior is being investigated, but it may be the result of some technical misconceptions (Balescu and Lamothe, 1992) . 
CONCLUSION
The growth of Appalachian ice along the North Atlantic continental margin and its subsequent coalescence with Laurentide ice at the onset of the last glaciation (stage 5/4 boundary) represents a unique event documented in the regional terrestrial stratigraphy. In the earliest part of the last glaciation, Maritime ice would have reached southern Quebec prior to coalescence with the main continental ice sheet, as suggested by the regional depositional and erosional record.
In the St. Lawrence Lowland, a large ice-dammed lake, Lake Deschaillons, formed in early Wisconsinan time. The existence and duration of glacial Lake Deschaillons is associated with the Laurentide Ice Sheet, which was channelled up the St. Lawrence River. In the Appalachian Uplands, assuming that the Massawippi Formation was deposited at the end of the Sangamonian Interglacial, available compositional and fabric data for the overlying Chaudiere Till support the concept that the growth of an Appalachian-based ice cap took place at the onset of the last glaciation.
In conclusion, the timing of events that took place in southern Quebec during the last interglaciation-glaciation transition remains largely unresolved. These events will be clarified only by further geochronological investigation and more detailed paleoecological studies focused on the Late Sangamonian-early Wisconsinan time period. We hope that our confidence in the various dating techniques that extend beyond the range of 14 C dating will grow so that we may secure reliable numerical ages for units predating the last glacial maximum.
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